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L Executive Summary

A stranding event comprised of 30 turtles occurred along the upper Texas Guif coast during 10-13 July
1990. This event occurred 4 days afier the Texas Closure ended on 6 July 1990 (beginning of the Texas Gulf
shrimping season). Thirteen loggerheads (Carena carena) and 17 Kemp’s ridleys (Lepidochelys kempi)
stranded dead during this 4-day period. Necropsies were performed on all of these turtles. Liver, kidney and
visceral fat were collected from 20 of the turtles and frozen for toxicological analysis. Prior to the 10-13 J uly
strandings of 30 turtles, (March - June 1990), similar tissues were collected from 15 stranded turtles (5
loggerheads and 10 Kemp’s ridleys). After the 10-13 July strandings, (25 July - 25 September 1990), tssues
were collected from 20 stranded turtles (3 loggerheads and 17 Kemp’s ridieys).

The objective of this evaluation was to attempt to explain the cause of death in the 10-13 July Stranding
event turtles. Out of the 55 sea wurtles from which samples were collected, liver and kidney from 10
loggerheads were randomly selected for heavy metal analysis by Atomic Absorption  Spectroscopy.
Pathological data are shown in Table 1 for these 10 loggerheads (six were from the 10-13 July’s stranding
event and four controls consisted of two pre-July 10 and two post-July 13 turtles).

Selected heavy metals were measured to provide comment as to the health risk posed by these
environmental pollutants. Zinc (Zn), mercury (Hg), iron (Fe), arsenic (As), cadmium (Cd), selenium (Se), lead

(Pb), and copper (Cu) were analyzed (Tables 2 and 3). Based on results for terrestrial animals (Table 4) and
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fresh-water and sea turtles (Table 5), none of the metal levels, except for perhaps As and Cd, were high. The
Cd levels in these turtles are similar to levels we have measured in bowhead whales from 1984 to 1990. The
kidney Cd levels in this study were higher than levels reported in sea turtle eggs or in freshwater turtle kidneys
(Table 5). However, they did fall within a range reported for several marine mammals (Tables 9 and 10).

The As levels in the liver and kidney of stranded turtles were higher than levels we found in bowhead
whales (Tables 9 and 10), and would be in the toxic range in cattle according to Puls (1988). These As levels
would not be in the toxic range in the dog, horse, or pig but would be at the higher end of normal according
to Puls (1988). There are data 1o show that in marine fish, other sea animals, and from our work in one whale,
the As is about 90% in the form of arseno-betaine which is not very toxic (Cannon er al., 1983; Vahter er al,
1983). This could be true in trtles, but this analysis is very time consuming and expensive.

Zinc and Hg levels in swanded rurtle tissues were higher than those in the bowhead whale {Tables 9
and 10), but toward the lower levels reported for most whales and dolphins. Fluctuating Fe levels in these
tissues were probably due to the varying amount of blood present in the tissues when collected. A statistical
comparison of liver and kidney metal concentrations of the four loggerhead turtles collected outside the 10-13
July period to those of six conspecifics found within the 10-13 July stranding period indicated no significant
differences between the two time periods. Overall, turtles stranding on 10-13 July had slightly lower levels
than did turtles stranding prior to or after 10-13 July.

Inability to detect differences in metal levels between the stranding groups is partly due to the large
vaﬁabiﬁty in the data. Using these data as a pilot study, there is some evidence that increasing the sample size
might allow for detection of differences between the groupé for some metals (additional observations on arsenic
might be helpful).

Additional observations are needed to accurately compare metal levels in the two species (Kemp’s
ridley and loggerhead). Moreover, samples from sea turtles which have not been exposed to the pollution
sources in Galveston Bay or the Gulf of Mexico are needed to define "normal” metal levels. These tissues
could be obtained from turtles that die in captivity. The number of additional turtles needed to provide quality

results is not clear. We recommend that the second phase of this project be initiated by performing a heavy
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metal analysis with liver and kidney tissues from 30 turtles (10 loggerheads and 20 Kemp's ridleys) which are
in storage.

Concentrations of 15 organochlorine pesticides and 5 polyaromatic hydrocarbons (PAHs) were
determined from visceral fat samples (Table 7). No consistent pattern of organochlorine pesticides was found
in the 10 turtes (seven loggerheads and three Kemp’s ridleys) tested (Table 8). The amounts that were present
in five of the turtles were insignificant. Deteriorated condition of tissue samples may have contributed to this
sporadic identification of toxic residue. No PAHs were detected in any tssue sample. The absence of PAHs
and low levels of pesticides suggests these pollutants did not pose a health risk to the sea turtles during the
period July 10-13.

Analyses of loggerhead kidney and liver samples indicated Zn, Fe, Se, Pb, and Cu levels were within
ranges reported for freshwater turtles (Table 5), sea turtles (Table 5) and marine mammals (Tables 9 and 10)
and probably would not be detrimental to the health of sea turtles. Mercury levels were within the range
reported for other animals (Tables 5, 9 and 10). The As levels would not appear toxic but on the high normal
side in comparison to those for the dog, horse, and pig (Puls, 1988). The Cd levels were high in comparison
to those reported by other turtle studies (Table 5); however, they were within the range reported for whales and
dolphins (Tables 9 and 10) and generally below levels reported for terrestrial animals (Puls, 1988).

IL. Introduction

_Enhanccd concern for the integrity of the coastal environment in the Gulf of Mexico has generated
interest in the phenomenon of beach strandings as it relates to highly visible species such as sea turtles.
Increased documentation of sea turtle strandings on Texas beaches in recent years has led to questions regarding
the causes of apparently elevated mortalities. Texas is the site of three major industries - chemical, shrimp and
oil - whose operations are perceived in conflict with sea turtle stocks.

Marine pollutants are attracting increased attention as environmental awareness continues 0 grow.
Several events, including recent major oil spills, a large sea-turtle stranding event on 10-13 July 1990, and a

growing number of environmentally concemed citizens, have created an interest in how pollutants are affecting

the environment and sea turtles.



Many chemical pollutants, introduced anthropogenically or naturatly occurring, could possibly affect
sea turtles and other marine animals. Petroleum hydrocarbons (oil and its derivatives) are continuously released
in large voiumé by natural seepage from the sea floor. But it is the single release of large amounts of oil, such
as the release of oil in Kuwait by Irag, the Exxon Valdez spill, or the Megaborg spill, that generates the most
press coverage. Organochlorines, such as DDT and its more toxic decomposition compounds, DDD and DDE,
are anthropogenic pesticides which have entered and remain in the marine environment. Like petroleum, heavy
metals are naturally occurring substances, used extensively in industy and even in the household. They can
occur locally in unusually high and potentially harmful concentrations. Cerain heavy metals, such as Cu, Se,
Fe, and Zn, are essential for proper metabolism, but even these elements can be toxic at high concentrations.

The effects of pollutants on sea turtles are difficult to assess because the animals are not confined to
an easily studied habitat. The size and life span of turtles as well as regulatory restrictions on endangered and
threatened animals prevent contained laboratory studies of these animals. This paper focuses on measurement
of heavy metal concentrations, organochlorine pesticides, and polyaromatic hydrocarbons found in sea turtles
stranded on the Texas coast.

A large stranding event comprised of 30 turtles occurred along the upper Texas Gulf coast during 10-13
July 1990. This event occurred four days after the Texas Closure ended on 6 July 1990, marking the reopening
of the Texas Gulf shrimping season. Thirteen loggerhead, Caretta carerta, and 17 Kemp’s ridley, Lepidochelys
kempi, sea turtles stranded during this 4-day period. Necropsies were performed on all of these turtles. Liver,
kidney and visceral fat were collected from 20 of the turtles and frozen for toxicological analysis. Similar
tissues were collected from 15 stranding turtles (10 n'dleyé and 5 loggerheads) prior to 10-13 July (March -
June 1990).  Tissues also were collected from 20 turtles (17 ridleys and 3 loggerheads), stranding after the
10-13 July (July - September 1990). -

The National Marine Fisheries Service, in a letter dated 29 January 1991, stated their desire to fund a
toxicological analysis of these tissues in two phases. The first phase would include tissue analysis of six turtles
from the 10-13 July strandings, two pre-July 10 and two post-July 13 turtles. The second analytical phase

would include 20 turtles, ten from the 10-13 July stranding and five pre-July 10 and five post-July 13 rurtles.
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This report pertains o tissue analyses in the first phase of the project.

Toxicology

Drs. Raymond Sis and Andre Landry have been involved in a MARFIN sea turtle research project,

"Assessment of Nonshrimping Mortality of Sea Turtles," from which tissues were obtained for the analyses

discussed in this report. Toxicological information from stranding/necropsy data collected by NMFS, STSSN

and TAMU may assist in characterizing causes of sea turtle mortality. This MARFIN study may permit an

assessment of natural ard human related factors in the mortality patterns of these species in the U.S. Gulf of

Mexico coastal waters. Such research is critical to survival of endangered sea wrtle stocks, as it generates data

on the role toxins play in sea turtle deaths. Future survival of sea rurtle stocks in the Gulf of Mexico will

depend on such research findings.
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Purpose
A. Description of Problem

Very little baseline information is available concernin g the levels of environmental contaminants
which occur in marine animal tissues. It is imperative thar levels of various relevant chemical pollutants
within the tissues of key marine animals be defined. This baseline information will be necessary if
realistic comparazive assessments are to be made.

We selecred 15 organochlorine pesticides and 3 polyaromatic hydrocarbons (PAHs) (Table 7)
for this study because these were the only ones that were found in previous work in whales. We
selected visceral fat for the analysis because organochlorines and PAHs are lipid soluble and, therefore,
sequestered in fai. Organochlorine pesticides and PAHs have greater affinity for Hssues high in lipid
content (Meeks, 1968; Pearson er al., 1973; Stone ez al., 1980; Helwig and Hora, 1983; Watson er al.,
1985; Bryan er al,, 1987). We selected eight heavy metals because: 1) these are the ones likely to be
a problem on the Texas Coast; 2) they are the same metals selected for our previous tissue analysis
work in whales; and 3) they have been the most commonly studied in previous marine animal studies.
Copper (Cu), iron (Fe), zinc (Zn), and selenium (Se) are essential trace metals that can reach toxic

levels. Arsenic (As), lead (Pb), mercury (Hg), and cadmium (Cd) are non-essential trace metals that



can be potenually toxic at certain levels.

Non-essential trace metals such as Cd and Hg accumulate with age in marine mammals,
increasing by over 200 fold from fetuses and Juveniles to larger adults. Itano ez al. (1984) determined
that mercury in striped dolphin liver of fetuses is 100 fold lower than in mature female striped dolphins,
A dramatic increase with age has also been observed in livers and other tissues of Texas stranded
bottlenose dolphins (Arima and Nagakura, 1979).

The distribution of trace metals in dolphins stranded in Texas seems to be tissue dependent
(Tables 9 and 10). Liver and kidney were the tissues selected for this study because they have been
found to have higher concentrations of metals than did muscle or fat (Hammond and Beliles, 1979).
We found that some heavy metals concentrate more highly in the liver, while other heavy metals
concentrate more highly in the kidney. In many cases the liver is the greatest concentrator of metals
(i.e., Hg and As). Bone and shell were found to contain the highest concentrations of Pb, followed by
liver and kidney tissues of freshwater turtles (Beresford er al., 1981; Krajicek and Overman, 1988).
However, the largest quantities of Cd are generally found in kidney in turtles (Robinson and Wills,
1975) and in porpoises (Fujise ez al., 1988).

B. OBJECTIVES

1. To determine the levels of certain heavy metals, organochlorine pesticides, and

polyaromatic hydrocarbons (PAHS) in selected tissues of stranded sea turtles.

2. To provide comment as to the health risk posed by these environmental pollutants to

the animals themselves by comparing the levels of toxins found in turtle tissues with

those found in other marine animals and selected terrestrial animals.

-

Approach
A. Detailed Description of the Work
Toxicological analysis was performed on tissues from 10 sea turtles (six were from the 10-13

July stranding event and four were controls, two pre-July 10 and two post-July 13) in the following

manner.




Heavy Metals: Samples of liver and kidney from 10 loggerheads were collected during
necropsies. A preliminary analysis showed a species difference in levels of heavy metals between
loggerheads and Kemp’s ridleys. This necessitated a conspecific analysis (Tables 1-3). Loggerheads
were chosen for the heavy metal analysis because they are the most abundant species in the Guif of
Mexico. The tissues were excised with a stainless stee] knife, placed in individual polyethylene bags,
frozen, and transported in a styrofoam container to the TAMU College of Veterinary Medicine.

Laboratory processing:  Sample processing methods were designed to minimize metal

contamination. Samples were slightly thawed to facilitate cutting, and a stainless steel scalpel was used
o mim the edges of each tissue o eliminate any contamination that may have been inroduced during
field collection and necropsy. Approximately 1 g each, of the liver and kidney samples was placed into
a Savillex teflon digestion bomb and digested with 3 ml of Ulrex ultrapure nitric acid for 8 hours at
120°C. This procedure insured that all organic matter was oxidized to carbon dioxide and that all
metals were brought into solution. The sample digest was diluted with 20 m! of deiomized disdlled
water and transferred to a polyethylene screw-cap bottle for storage. Blank samples and National
Research Council CanadaDolt-1 and Dorm-1 (reference material with known metal concentrations) were
digested and analyzed simultaneously to assure quality control. Values for these reference materials
are reported in Appendix A.

Mercury concentration was measured by cold-vapor atomic absorption spectrophotometry
(AAS), Zn and Fe by flame AAS and the remaining elements by graphite furnace AAS using
techniques developed during the NOAA National Starus and Trends Program. Samples from five
loggerheads were analyzed by neutron activation analysis to confirm AAS accuracy (Table 2). This
gave us the opportunity to look at the concentrations in the tissues, with two methodologies. The
neutron activation data helped confirm the fact that we had accurate data.

Tissue samples were reported in pg nmtai/g of tissue on a wet weight basis for all metals,
Tissue moisture was recorded so that conversion to ng/g dry weight could be accurately done in order

to compare to other published metal investigations if necessary.



Determination of tissue levels of organochlorines and polvaromatic hvdrocarbons (PAHS):

Samples of visceral fat from 10 sea turtles were collected during necropsies. The 10 visceral fat tissues
were collected and processed from the same turtles that the liver and kidney samples were collected.
The fat tissues were submitted to the Texas Veterinary Medical Diagnostic Laboratory for
organochlorine and PAH analysis. Table 7 represents the 15 organochlorine pesticide standards and
5 PAH standards that were analyzed. A preliminary analysis with both loggerheads and Kemp’s ridleys
showed no difference between species in the organochlorine and PAH determinations; therefore, data
in this portion of the study is based on both loggerheads and Kemp’s ridleys (Tables 6 and 8).

Laboratory Tissue Preparation: Frozen samples of sea turtle visceral fat (minimum wet weight

of 2 g) were wimmed to avoid field contamination, cut from larger pieces, and weighed on a top
loading balance to £0.01 g for extracton preparation. Visceral fat samples from seven loggerheads and
three Kemp’s ridleys were analyzed for organochlorines and PAH:s.

The samples were minced with scissors. Ten ml of a 50:50 mixture of dichloromethane-
cyclohexane was added to the sample, and the mixture was finely ground by a tissue grinder
(Tissumizer ™), Dichloromethane-cyclohexane was used to rinse all materials (scissors, etc.) required
during sample preparation to insure minimal lipid contamination. The ground samples were placed in
pre-weighed screw-top tubes which were then weighed. The uncapped tubes were placed under a hood,
and the organic mixture was allowed to dry to a constant weight. Lipid concentrations were calculated
by difference in weight of dried organic mixture from ground samples.

The dried fat samples were thoroughly mixed with 3 g of Bondesil ™ C18 using a glass mortar
and pestle. This mixture was loaded to the top of a 20 cc plastic syringe that was filled with a bottom
layer of 10 cc of florosil and a top layer of 5 cc Bondesii™ (18 which was previously washed with
HPLC grade acetonitrile. Organochlorines and polyaromatic hydrocarbons were eluted from the
columns with 15 mt of HPLC grade acetonitrile, Remaining acetonitrile was forced off the column
with air using a rubber bulb. The aoetonitﬁle was evaporated under a high purity nitrogen stream in

a water bath at 65°C from the eluted mixmre, and the residue was resuspended in 50 pl of methanol.
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Dilutions were prepared from these stock resuspensions. To determine accuracy of recovery the
resuspended samples were also spiked with aldrin.

Instrumentation: Resuspended, diluted pesticide standards and samples were determined by a

Shimadzu Gas Chromatograph/Mini 2 with an clectron-capture detector. The column used was a 30 m
long (0.25 pm film thickness and a 0.25 pm internal diameter) Supelco SPB-5 column which was
packed with 5% diphenyl, 94% dimethyl, and 1% vinyl polysilaxane.

Temperature during the analytical process was controlled as follows: with the injection port at
250°C, imidal temperature of 165°C was held for 3 minutes and then raised o 280°C at a rate of
5°C/minute. The final temperature was held for 3 minutes.

Resuspended and diluted PAHs and standards were analyzed with a Hewlett Packard 5790A
Gas Chromatograph with a mass spectrometer detector using a Hewlett-Packard Ultra 1 column cross-
linked with methyl silicon. The column was 25 m long and 0.2 mm inner diameter with a 0.33 pm
film thickness.

The injection port was set at 250°C with an initial temperature of 60°C held for 1 minute. A
temperature program of 15°C/minute was used until a final temperature of 280°C was reached. Final
temperature was held for 23 minutes.

Peak areas from the samples were determined and compared 1o peak areas from known
~ reference standards. Total nanograms (ng) of each pesticide and PAHs were calculated and then
converted to ng/g (ppg) lipid weight and ng/g (ppg) wet tissue weight.

Findings |
A. Work Accomplishments and Findings

During the period 10-13 July 1990, 30 sea turtles stranded along the upper Texas coast. The
turtles were brought to the National Marine Fisheries Service (NMES) Galveston Laboratory for
necropsy by Texas A&M University (TAMU) in an effort to determine cause of death and gather other
life history information. These included 17 Kemp’s ridleys and 13 loggerheads. Eight of the Kemp’s

ridleys were females and nine were of unknown sex. One fernale Kemp’s ridley possessed an extemnal
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flipper tag indicating it was a head started turtle.

Table 1 is a summary of the necropsy data for the 10 stranded loggerheads (six from the 10-13
July strandings, two pre-July 10 and two post-July 13 turtles) used for the heavy metal analysis in this
project. Table 6 is a summary of the necropsy data from the seven loggerheads and the three Kemp’s
ridleys used for the organochlorines and PAH analysis.

Necropsies conducted by a TAMU veterinarian did not elucidate the cause of death for the 30
turtles stranding 10-13 July. One Kemp’s ridley turtle suffered a shark attack either pre- or
postmortem. Three turtles appeared to have undergone human-induced mutilation: one Kemp's ridley
was missing the soft tissue around its rear flippers, tail and neck; a second ridley was missing the head,
front flippers and left rear flipper; and a loggerhead was missing rear flippers. All three turtles
possessed straight-edged cuts along these areas suggesting they were mutilated rather than cut by
scavengers such as sharks. Two of these turtles were found in a fresh condition by a private citizen,
who indicated the front flippers on the loggerhead had rips as if it had been hooked with a gaff and
then the hook torn out of the flesh. He also noticed blood coming from the turtle’s mouth and scuff
marks and breaks in the skin on the top of the head between the eyes. A second Kemp's ridley also
had wom edges on the shell. It had a puncture berween its eyes, the wound being about 2.5 cm long
and 3 mm wide and apparently caused by a knife. Both turtles were relatively fresh because blood was
still flowing from the wounds. It appears that these two turtles were deliberately mutilated.

Preliminary analysis of the gastrointestinal contents indicate that the Kemp’s ridleys were
feeding on assorted crabs (Callinectes, Persephona, Libinia, Menippe, Hepatus), as well as some small
portunid crabs, shrimp and Leptogorgia (gorgonian). Loggerheads fed on Diopatra (tube worm),
assorted fish, anemones, shrimp and crabs (Callinectes and Persephona). No oil or plastics were found
in the intestinal tracts.

We statistically analyzed data on heavy metal concentrations in the liver and kidney of the 10
loggerhead turtles. Specifically, for each organ, we compared seven metal concentrations (Zn, Hg, As,

Cd, Se, Pb and Cu) of the four loggerheads collecied outside the 10-13 July period to concentrations
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in the six loggerheads found during the 10-13 July stranding period  We found no statistically
significant differences between heavy metal levels of the two time periods. Some of the differences
tended to indicate r.hﬁt the 10-13 July stranded loggerheads had lower levels than the contol
loggerheads.

Based on data for other animals, none of the metals, except for perhaps As and Cd, were high
in this study (Tables 2 and 3). Puls (1988) reviewed literature regarding metal toxicity in domestic
animals and published tables establishing so-called normal levels of metals in tissues from cows, dogs,
horses, and pigs (Table 4). He also reported so-called "toxic" levels of metzls in organs from animals
that had been poisoned. Cadmium levels in the loggerheads were similar to levels we have measured
in bowhead whales (Tables 9 and 10). The whales appeared to be normal. Cadmium typically
accumulates in liver and kidney rather than in muscle and has a long half-life in biota (Dycus, 1986).
Low levels of Cd, 0.01 pg/g, were found in some snapping turtle muscle tissue samples (Helwig and
Hora, 1983), while Dycus (1986) detected an average concentration of 0.33 ng/g in liver samples and
0.28 pg/g in snapping turtle muscle samples. He stated that Cd found in muscle may have been related
to low level accumulation over a long period of time because turtles are long lived and Cd is persistent.
Dycus noted that the presence of Cd in snapping turtle livers indicates a need for further evaluation
because this metal is highly toxic to aquatic life. The kidney Cd levels in loggerhead turtles measured
in this study (18.88 £ 14.83 pg/g) were higher than those reported in loggerhead eggs (Stoneburner ez
al., 1980; Hillestad er al., 1974), in snapping turtle kidneys (Albers er al., 1986) and in softshell turtle
kidneys (Robinson and Wells, 1975) (Table 5). However, our readings fell within a range reported in
several species of whales and dolphins (Table 9).

The As levels in the liver and kidney of the 10 stranded loggerheads were higher than levels
found in bowhead whales (Tables 9 and 10), and within the toxic range in cattle according to Puls
(1988). The As levels in loggerheads were not in the toxic range, but on the high normal side in the
dog, horse, and pig according to Puls (1988). We did not find any reports for As levels in any turtle

species. There are data to show that in marine fish, other sea animals. and from our work in one whale
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the As is about 90% arseno-betaine which is not very toxic (Cannon et al., 1983; Vaher er al,, 1983).
This could be true in sea turtles, but this analysis is very time consuming and expensive.

Mercury levels were higher than levels we found in the bowhead whale (Tables 9 and 10),
Mercury levels reported in snapping turtles (Table 5) were 0.2 - 0.4 pg/g (Bertrand, 1974), 0.5 ng/g
(Garcia and Kidd, 1972), 0.02 - 0.21 ng/g (Helwig and Hora, 1983), 0.39 - 1.28 pg/e in Hver and
kidney tssues (Albers er al., 1986), 0.27 pg/g in liver tissue (Dycus and Lowery, 1986), 0.12 - 1.3 in
kidney tissue (Meyers-Schone and Walton, 1990) and .33 ng/g in liver tissue (Dycus, 1986). The Hg
concentrations in kidney and liver tissue in our study fell within the ranges reported above, with the
exception of one pre-July 10 loggerhead (90051102) with a reading of 2.46 pg/g in the liver. This level
is just in the range considered toxic in cattle (Table 4) but within the reported range in marine
mammals (Table 10). The Japanese consider the maximum allowable limit of Hg in fish products for
human consumption to be 0.4 pg/g.

Levels of Zn, Fe, Pb, Se, and Cu levels were similar to and within the range of levels reported
in terrestrial (Table 4) and marine animals (Tabies 9 and 10) and fresh-water murtles (Table 5). Our
concentrations were similar to those found in an analysis on snapping turtle fat and livers which
indicated levels of metals (Cu, Fe, Se, Zn) were generally low and probably not impacting Guntersville
Reservoir biota (Dycus and Lowery, 1986).

Very little is known about baseline levels and physiological effects of heavy metals in sea
turtles. Hall (1980) recorded some environmental contaminants in reptiles.  Witkowski and Frazier
(1982) published on heavy metals in cheloniid turtles. They ran a pilot study using bone and bamacle
samples. Zinc (46 to 955 pg/g) and iron (78 to 309 ng/g) levels in the bone and barnacle were greater
than copper (8.6 to 18 pg/g), manganese (8.4 to 35.6 pg/g), and lead (41.5 to 97.2 pg/g) levels. This
was consistent with findings of Stoneburner et al. (1980) who worked with egg yolks in loggerheads.
Stoneburner’s levels of Zn and Pb in loggerhead eggs were higher than the current findings in
loggerhead kidney and liver. Our levels of Fe and Cd in loggerhead tissues were higher than their

findings in the loggerhead eggs. The comparisons indicated that eggs laid on different beaches had
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significantly different mean concentrations of Ba, Co, Cr, Hg, Mo, Ni, and Pb.

Loggerhead eggs from three nesting beaches in Georgia and South Carolina were analyzed for
heavy metals (Hillestad er al., 1974). Mercury levels in yolks ranged from 0.02 ppm t0 0.09 ppm and
0.01 ppm to 0.03 ppm in the albumen. Zinc levels averaged 32.25 ppm in yolk and 26 ppm in the
albumen. There were significant differences between the yolk and albumen levels of Cd, Cu, and Pb.
Cadmium levels averaged 0.17 ppm in yolk and 0.56 ppm in albumen; Cu levels averaged 2.08 ppm
in yolk and 6.0 ppm in albumen; Pb averaged 2.87 ppm in yolk and 12.0 ppm in albumen.

The inability to detect statistical differences in metals between the loggerhead stranding groups
in our swudy is partly due to the large variability in the data. Usin g these daia as a pilot study, there
is some chance that increasing the sample size might allow detection of differences berween the groups
for some metals (As is one metal where additional observations might be helpful). It would also be
desirable to obtain samples from loggerheads which have not been exposed to the pollution sources in
Galveston Bay and Gulf of Mexico in order to attempt to define "normal" levels of metals. These
samples could be obtained from sea turtle carcasses that become available from deaths of turtles held
in captivity, deformed turtles which are sacrificed for scientific purposes, or from accidental deaths.
It also would be meaningful to compare loggerheads and Kemp’s ridleys. The number of additional
turtles needed to provide more definitive results is not clear. We have tissues in our freezer from 27
| turtles (4 loggerhead and 10 Kemp’s ridley controls, and 3 loggerhead and 10 Kemp’s ridley stranding
event). We recommend that the second phase of this project be initiated by performing a heavy metal
analysis on the remaining turtle tissue in our freezer, plus perform analyses on turtles that die naturally
(unexposed to the coastal environment) or non-exposed controls. Mevers-Schone and Walton (1990)
indicated that variations in diet between species play a sighificant role in the exposure of snapping and
yellow-bellied turtles to Hg. Compic.ting the second phase of the study using loggerheads and Kemp’s
ridleys would provide a combined baseline data set for 20 loggerheads and 23 Kemp's ridleys. From
this, we could then publish some kidney and liver data in the literature which other investigators might

find worthwhile for future monitoring studies in the Gulf of Mexico. In addition to the above 40
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turtles, we have tissues collected and stored from 14 Kemp’s ridley and 10 loggerhead turties which
stranded between October 1990 and April 1991. The heavy metal analysis of these 24 turtles would
add to the data base and make the data more statistically significant.

The fact that most all turtles are both long-lived and mobile allows for the integration of
exposure over time and space (Meyers-Schone and Walton, 1990). In addition, liver, kidney, fat,
muscle and bone, key tssues useful in toxicological analyses, are available in large quantities in
stranded sea wurtles.

Determination of ussue levels of 15 organochlorine pesticides and 5 polyaromatic hydrocarbons
(PAHs) were made from visceral fart taken from seven loggerheads and three Kemp’'s ridleys (Table
7). There was no pattern of organochlorine pesticides present in the 10 turtles tested (Table 8). The
amounts that were present in five of the turles were insignificant. The deteriorated condition of the
tissue may have contributed to this sporadic identification of the toxic residue. There is controversy
whether pesticides are diluted over time in post-mortermn animals. A fresh sample may be needed for
good results. The pesticides may leach out during decomposition. Baseline analyses are needed on
fresh sea turtle tssues.

In a recent study of post-mortem changes in freshwater red-eared slider turtles (Pseudemys
scripta elegans), we found that after death these turtles first sink to the bottom and remain there for
1 1/2 t0 2 days. After the body cavity fills with gas, the carcass floats to the surface. The dead turtle
will be 2 to 3 days post-mortem before it will be carried by the tides, waves, and winds to the beach.
By this time the tissues begin to soften and autolysis has started. Serosanguinous fluid from the tissues
is found in the body cavities. Therefore, this suggests that dead stranded sea turtles are not a good
source of tissues for toxicologic analysis of some pesticides. The preferred tissues would come from
freshly dead sea turtles.

Since autolysis of the liver, kidney and visceral fat take place after 8 hours post-mortem, it is
difficult to obtain a satisfactory tissue sample for toxicologic analysis. It may be that fresh tissues are

needed to obtain consistent results with organochlorine analyses. The presence of DDT and its
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metabolites has been the most frequently reported pesticide in the freshwater snapping turtles (Meeks,
1968; Flickinger and King, 1972; Reeves er al., 1977; Punzo et al., 1979; Stone er al., 1980; Albers
et al., 1986), loggerhead and green sea turtles (McKim and Johnson ez ai., 1983), and in the eggs of
loggerhead trtes (Hillestad er al., 1974; Clark and Krynitsky, 1980, 1985). Clark and Krynitsky
(1980) found that DDE and PCBs (in loggerhead eggs) declined significandy in a 10-day interval
during incubation. They reported on a second study with loggerhead eggs (Clark and Krynitsky, 1985)
in which they detected amounts far below levels thought to be harmful. Samples of ten green turtle
eggs were obtained for PCB and pesticide analysis (Thompson e af.. 1974). Levels of 0.001 o 2.52
ppm were determined. In loggerhead sea turtle eggs from nesting beaches in Georgia and South
Carolina, Hillestad er al. (1974) reported total DDT (DDE + DDD + DDT) residue levels ranged from
058 ppm 1o .305 ppm. Dieldrin residue levels ranged from trace to .0564 ppm.

No amounts of PAHs were detected in the loggerhead and Kemp’s ridley tissue in this study.
Tissue analysis in heavily oiled sea otters has not been dramatic (Davis, 1991). Petroleum
hydrocarbons may be rapidly cleared. Blood petroleum hydrocarbons measured when heavily oiled sea
otters first came in during the Valdez oil spill had some high levels. However, levels from tissues
taken during necropsy did not identify any elevations. It may be difficult to find PAHs in tssues,
Because no PAHs were detected and the amounts of pesticides detected were insignificant in the tssues
| from the dead stranded loggerhead sea turtles, we recommend that we do not initiate the analysis of
PAHs and pesticides in the proposed phase 2 of this study.

Low levels of pesticides and the absence of PAHs indicated these environmental pollutants do
not pose a health risk to loggerhead and Kemp’s ridley sea turtles. Analyses on loggerhead kidney and
liver indicated Zn, Fe, Se, Pb, and Cu levels were within ranges reported in freshwater turtles, sea
turtles, and marine mammals and probably did not detrimentally tmpact the health of the loggerheads.
Mercury Ic'véls were within the range reported in other animals with the exception of one level in a
loggerhead stranded prior to the stranding event. The As levels would not appear toxic but on the high

normal side in comparison to the dog, horse, and pig. The Cd levels were high in comparison to other
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turtle findings; however, they were within the range reporied in marine mammals and not toxic within
the range reported for some terrestrial animals (Puls, 1988).

Using these data as a pilot study, there is a chance that increasing the sample size might allow
detectdon of differences between the groups for some metals. Additional observations also are needed
to be able to accurately compare the two species (Kemp'’s ridley and loggerhead). It would be helpful
to obtain samples from sea turtles which have not been exposed to the pollution sources in Galveston
Bay and the Gulf of Mexico in order 0 attempt to define "normal” levels of metals. We recommend
that the second phase of this project be initiated by performing a heavy metal analysis with dssues from

27 control and stranding event sea turtles which are in storage.
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